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Abstract 
Differential enthalpies of absorption of CO2 with aqueous solutions of 2-aminoethanol (MEA) and N-methyldiethanolamine 
(MDEA) were calculated from reaction equilibrium constants of each of the key reactions taking place in the MEA + H2O + CO2
and MDEA + H2O + CO2 systems. A set of equilibrium constants was selected for the modeling, based on comparison of existing 
correlations for the reaction equilibrium constants, Keq, and corresponding heats of reaction, ¨Hr, with experimentally measured 
Keq and ¨Hr found in literature. Activity coefficients of all species in the solutions were calculated using the electrolyte NRTL 
model. Enthalpies of absorption from this work are compared with experimental data from literature and with predictions from 
the Aspen and Deshmukh-Mather models. The importance of good correlations for the temperature dependencies of the 
equilibrium constants is shown.  
© 2008 Elsevier Ltd. All rights reserved 
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1. Introduction 
Information on heats of reaction of acid gases (mainly CO2 and H2S) in aqueous solutions of alkanolamines is of 
prime importance for designing unit operations of acid gas removal because it is directly related to the steam 
requirements of the amine regeneration stage. As the steam cost often accounts for over half the running cost of the 
plant, it is desirable that the enthalpy of absorption is low and that the data are as accurate as possible. Besides, 
values for the enthalpy of absorption differential in loading are of high interest. These data are necessary for a good 
thermodynamic description of the systems, supporting the predictions of phase equilibria and heat effects outside 
conditions where experimental data are available. 
Only little data on the enthalpy of reaction of CO2 with amines could be found in open literature, in particular 
data that are differential in both CO2 loading and temperature. Even fewer attempts were reported on modeling of 
the heats of absorption. Merkley [1] has made the first attempt to correlate the enthalpy of absorption of CO2 in 
aqueous MDEA solution. Lee [2] and Oscarson et al. [3] presented thermodynamic models for prediction of both 
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enthalpies of solution and solubility of CO2 in different alkanolamine solutions.  Recently, le Bouhelec et al. [4] and 
Hilliard [5] attempted to fit parameters in the electrolyte NRTL model using experimental heats of absorption data 
together with CO2 solubility data. 
This work proposes a simple method for the prediction of the heats of absorption of CO2 with alkanolamine 
solutions using existent correlations for the reaction equilibrium constants found in literature. 
2. Results and discussion 
2.1. Calorimetric data 
Only one set of the experimental heats of absorption data, which are differential both in loading and temperature, 
was reported until now [6]. All other experimental data found in the literature are integral values, representing all 
heat released in bringing the solution acid gas content from zero loading to the final [7]. Integral heats of absorption 
in the literature are differential in temperature since experiments are conducted under isothermal conditions. 
However those data can not give accurate dependencies of the heats of absorption on loading because high (or low) 
values of heats of absorption at lower loadings will be carried over to the values at higher loadings. As an example, 
integral enthalpies of absorption of CO2 with 30 wt % MEA and MDEA solutions measured by Mathonat [8] were 
used in this work for comparison.  
From the other side, enthalpies of reaction differential in loading, that can be found in the literature are those 
calculated from PCO2 data using the Gibbs-Helmholtz equation: 
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This method gives enthalpies of absorption which are differential in loading but integral in temperature. 
Disadvantages of using equation (1) were discussed earlier by several authors. Differential enthalpies of absorption 
of CO2 for 30 wt % MEA and MDEA solutions calculated by Jou et al. [9] from PCO2 data using equation (1), were 
used here as an example for comparison.  
Since heats of absorption do depend both on loading and temperature, experimental values of the heats of 
absorption of CO2 with 30 wt % MEA measured by Kim and Svendsen [6] were used for fitting the carbamate 
equilibrium constant, KMEACOO-. Data for 30 wt% MDEA solution at 40ºC from Kim et al. [10] were used only for 
comparison with the model predictions, since no fitting has been done for MDEA in this work. Instead, the heat of 
absorption of CO2 with MDEA  was calculated based on the set of thermodynamically consistent correlations for the 
reaction equilibrium constants [10].  
2.2. Model equations 
The main reactions occurring in the CO2-alkanolamine-water system can be found in a number of publications. 
The principal reactions occurring in MEA or MDEA solutions may be written as [11]: 
x ionization of water:  
2 32
wKH O H O OH ¶¶lk (2)
x dissociation of carbon dioxide: 
2
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COK
H O CO H O HCO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x dissociation of bicarbonate ion:  
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x dissociation of protonated alkanolamine: 
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AmKRR R NH H O RR R N H O  ¶¶lk ¶ (5)
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x carbamate reversion to bicarbonate (for primary and secondary amines): 
2 2 3
carbKRNHCOO H O RNH HCO  ¶¶lk ¶ (6)
In addition comes dissolution of the gaseous carbon dioxide into the solution: 
2( ) 2( )g lCO CO (7)
The equilibrium constants for reactions (2) to (6) may be defined in terms of activity coefficients, Ȗi, and 
concentrations, xi:
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The thermodynamic equilibrium constant for reaction (7) is described by the Henry’s law constant, kH CO2, which is 
evaluated at infinite dilution and the solvent (water) vapor pressure and corrected to the system pressure by the 
Pointing correction: 
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where yCO2 and xCO2 are concentration of CO2 in vapor and liquid phases, ȖCO2 and ĳCO2 are activity and fugacity 
coefficients of CO2 respectively, 
2CO
vd is partial molal volume. At low pressure, the Poynting correction is small and 
may be disregarded. 
The temperature dependency of the equilibrium constants and Henry’s law constant is given by [12]: 
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Heats of reaction were calculated from the reaction equilibrium constants using the following form of the Gibbs-
Helmholtz equation, also known as van’t Hoff’s equation [13]: 
2
ln r rK H
T RT
s %

s
(11)
Contributions from each of the key reactions were taken into account by changes in the number of moles of the 
key component, ¨ni, per mole of absorbed CO2, ¨nCO2 [10]. Overall heat of absorption was calculated as a sum of 
the individual contributions: 
i
abs r
CO
n
H H
n
%
%  %
%

2
(12)
Thermodynamically consistent reaction equilibrium constants should satisfy equation (11). A set of the consistent 
Keq used in this work, was selected based on the comparison of existing correlations for Keq and ¨Hr with 
experimentally measured Keq and ¨Hr found in the literature [10]. Values for the coefficients in equation (10) are 
given in Table 1 for reactions (3) to (7). Correlations for the equilibrium constant and for the heat of water 
dissociation reaction (2), was taken from the work of Olofsson and Hepler [14]: 
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where 298.15wH% =55.815 J·mol
-1. Note that the equilibrium constant in equation (13) is based on molalities (as in the 
original paper). 
Activity coefficients for all species presented in the solution were calculated using the eNRTL model. 
Concentrations of species were calculated by solving the chemical equilibria by minimizing the Gibbs free energy. 
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We will designate the VLE model from this work as eNRTL* to distinguish from the eNRTL model used in Aspen. 
Different sets of the equilibrium constants were used as already mentioned. 
Table 1. Coefficients for the reactions equilibrium constants used in this work:
reaction 
number parameter A B C D Ref
(2) KCO2 231.465 -12092.10 -36.7816 0 Austgen et al.[11]; Edwards et al. [15] 
(3) KHCO3- 216.049 -12431.70 -35.4819 0 Austgen et al.[11]; Edwards et al. [15] 
(4) KMEAH+ -4.9074 -6166.11565 -0.0009848 0 Weiland et al. [12]
(4) KMDEAH+ -60.0243 -1974.40 7.5329 0 Oscarson et al. [16] 
(5) K*MEACOO- 47.6972139 -1.6747343 -13.0741525 0.06510356 Kim et al. [10] 
(6) kH 170.7126 -8477.711 -21.95743 0.005781 Austgen et al.[11]; Chen et al. [17]
aEquilibrium constants are on mole fraction basis: ln K = A + B / T +  C lnT + D T
2.3. Results 
Enthalpies of each of the key reactions taking place in the system as well as overall enthalpies of absorption of 
CO2 with 30 wt % MEA and MDEA solutions at 40 ºC, calculated in this work using eNRTL* model are compared 
to the results from the Deshmukh-Mather model (DM*) [10], calculated using the same set of equilibrium constants 
as in this work, and to the ¨Habs data of Jou et al. [9], Mathonat [8] and Kim and Svendsen [6] in Figure 1. 
It maybe seen from Figure 1 that the eNRTL* model gives a better fit to the experimental heats of absorption than 
the DM* model. However, some discrepancy may be seen between predictions from both models and experimental 
data at higher loadings (around 0.5 molCO2/molAm for MEA, and 1 molCO2/molAm for MDEA). As we already noted, 
the differences between the experimental integral [8] and differential [6] enthalpies data stem from differences in the 
experimental techniques used. 
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Figure 1. Heats of each of the individual dissociation reactions, ¨Hr, and overall heats of absorption of CO2, ¨Habs, in 30 wt % MEA (a) and 
MDEA (b) solutions at 40ºC: Ŷ, differential ¨ Habs from Jou et al.[9]; ż, integral ¨ Habs from Mathonat [8]; Ɣ, differential enthalpy of absorption 
from Kim and Svendsen [6]. Lines: ņ (solid), eNRTL* model [this work]; --- (dashed), DM* model [10]. 
It may be also seen from Figure 1 that it is the protonation reaction that determines the shape of the curves for the 
overall heats of absorption. However, the heat of the amine protonation reaction changes little with temperature. At 
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higher temperatures the heat from the carbamate formation or reversion gives a significant contribution to the 
change in the overall heat of absorption.  
Heats of absorption of CO2 with 30 wt % MEA solution calculated with the eNRTL* model at 40, 80 and 120 ºC 
are compared to the predictions from the DM* model and to experimental ¨Habs data from Kim and Svendsen [6] in 
Figure 2. Although both models give reasonably good predictions for the heats of absorption, curves from the 
eNRTL* model seem to be better at higher loadings. 
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Figure 2. Overall differential heats of absorption of CO2, ¨Habs, in 30 wt % MEA as functions of loading and temperature. Experimental data 
from Kim and Svendsen [6]: ż, 40 ºC; Ɣ, 80 ºC; Ƒ, 120 ºC.  Lines: ņ (solid), eNRTL* model [this work]; --- (dashed), DM* model [10]. 
Heats of each of the individual reactions taking place in the systems and overall heats of absorption of CO2 with 
30 wt % MEA and MDEA solutions at 40 ºC calculated in this work using the eNRTL* model are compared to 
results from Aspen and to ¨ Habs data from Jou et al. [9], Kim and Svendsen [6] and Mathonat [8] in Figure 3.  
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Figure 3. Heats of each of the individual dissociation reactions, ¨Hr, and overall heats of absorption of CO2, ¨Habs, in 30 wt % MEA (a) and 
MDEA (b) solutions at 40 ºC:  Ŷ, differential ¨ Habs from Jou et al. [9]; ż, integral ¨ Habs from Mathonat [8]; Ɣ, differential enthalpy of 
absorption from Kim and Svendsen [6]. Lines: ņ (solid), eNRTL* model [this work]; --- (dashed), eNRTL model [Aspen]. 
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It may be seen from Figure 3 that both models give very similar results for CO2 absorption into MDEA. Similar 
plots were obtained for 80 and 120 oC. Calculations were done with the set of interaction parameters from Aspen, 
where binary MDEA-H2O interaction parameters are set to zero.  
In case of MEA, it is again the heat from the protonation reaction that dominates the overall heat of absorption 
curve. The thermodynamically consistent equilibrium constant for the MEA protonation reaction with parameters 
given in Table 1 was used in this work. It gave a good fit to the overall heat of absorption at 40 oC. At this 
temperature, the heat from the carbamate formation was the same from both models. However, the correlation for 
the MEA carbamate constant used in Aspen gives a constant value for the heat from this reaction. A temperature 
dependent enthalpy of carbamate dissociation was obtained by differentiation of the lnKMEACOO- with parameters 
given in Table 1. 
Overall heats of absorption of CO2 with 30 wt % MEA solution at 40, 80 and 120 ºC calculated using the 
eNRTL* model are compared to predictions from Aspen and to the experimental ¨ Habs data from Kim and 
Svendsen [6] in Figure 4. It can be seen from the figure that correlations for the equilibrium constants chosen in this 
work allows a better prediction of the overall heat of absorption. 
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Figure 4. Overall differential heats of absorption of CO2, ¨Habs, in 30 wt % MEA as functions of loading and temperature. Experimental data 
from Kim and Svendsen [6]: ż, 40 ºC; Ɣ, 80 ºC; Ƒ, 120 ºC.  Lines: ņ (solid), eNRTL* model [this work]; --- (dashed), eNRTL [Aspen]. 
3. Conclusions 
Heats of reaction of each of the key reactions taking place in the systems MEA + H2O + CO2 and MDEA + H2O + 
CO2 were calculated in this work from corresponding reaction equilibrium constants. A set of thermodynamically 
consistent equilibrium constants, selected based on the comparison of experimental Keq and ¨Habs data with existing 
correlations found in the literature, was used in this work. Activity coefficients of the species were calculated using 
both the eNRTL and the Deshmukh-Mather models, modified with the new set of the equilibrium constants. Overall 
heats of absorption of CO2 were calculated as sums of the heats from each of the individual reactions proportional to 
the change in the number of moles of the key component of the reaction before and after absorption per mole 
absorbed CO2. Model results from this work agree well with experimental data from literature. This work also 
shows the importance of good correlations for the temperature dependent reaction equilibrium constants. 
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